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INTRODUCTION
As broadband Internet access becomes pervasive, many multimedia applications such as VoIP, AOD and VOD have been serviced via Internet Service Providers (ISPs). In order to maintain a required performance for such applications, Internet network systems have been facilitating Quality-of-Service (QoS) to enable the network systems to prioritize traffic according to the application's service types. To our best knowledge, the IETF Differentiated Service (DiftServ) [IO] is at the center of such efforts. As the portable devices such as laptops and palmtops become more and more popular, the interest to have a level of services similar to those available from the conventional wired networks using those portable devices without wires is growing very fast these days.
On the other hand, the IEEE 802.11 Wireless LAN (WLAN) has become a prevailing broadband wireless technology in recent years. Today, the IEEE 802.11 WLAN is considered a"wireless Ethemet" by virNe of its best effort service provisioning based on Ethemet-like medium access control (MAC) protocol and up to 54 Mbps transmissions rates. However, the 802.1 1 WLAN is also evolving to support QoS currently, and a new QoSenabled MAC called IEEE 802.1 le is emerging [3].
For the multimedia applications to work properly, the end-to-end QoS should be in place. That is, for example, neither IEEE 802.11e WLAN alone nor the DiftServ without a proper QoS support from the air interface is enough for the full-fledged wireless multimedia applications. We, in this paper, consider an end-to-end QoS architecture aeross wired WAN, wired LAN, and The Default PHB is a best-effort service traffic that never assures any traffic parameters such as delay, jitter and throughput. It is typically implemented using the first-in first-out (FIFO) queuing. Most non-real-time data traffic is served using this PHB. The Class-Selector PHB is used for the backward compatibility with the existing IP precedence scheme current used in the IP network. The AF PHB is defined to support controlled traffic management at the QoS network node. The AF PHB is expressed as "AFxy." The 'x' represents AF class number and 'y' represents the drop precedence. For example, in case of traffic congestion, AF13 should be dropped before AF12. AF classes are typically controlled by prioritized queues and traffic bandwidth following the Service Level Agreement (SLA). The EF PHB is the highest traffic class suppotting for the real-time traffic such as VoIP or real-time video that require low delay and jitter. PHB may also include a specification for traffic conditioning described in Section 1II.A.
IV. 802.1 ~E A N D~O~.~D F O R Q O S -E N A B L~D L A N S
A. Legocy 802.11 WLAN The 802.1 I MAC protocol [I] consists of two coordination functions, which are a mandatory distributed coordination function (DCF) built on Carrier Sense Multiple Access with Collision Avoidance (CSMAICA) and an optional point coordination functions (PCF) built on a poll-and-response protocol. Today, most 802.1 1 devices implement the mandatory DCF mode only. The DCF functions traffic control based on non-preemptive service (i.e., FIFO). When the MAC frame arrives at the queue, it shall wait until the channel becomes idle, and defers another fixed time interval, called DCF InterFrame Space (DIFS), to avoid the potential collision with other network nodes. When the channel stays idle for the DIFS interval, it starts the random backoff (BO) counter.
When the BO counter expires, the frame is transmitted over the air. When a frame arrives at an empty queue and the medium has been idle longer than the DIFS time interval, the frame is transmitted immediately.
Each STA maintains a contention window (CW). which is used to select the random backoff count. The backoff count is determined as a pseudo-random integer drawn from a uniform distribution over the interval [O,CW] . If the channel becomes busy during a backoff process, the backoff is suspended. When the channel becomes idle again, and stays idle for an extra DlFS time interval, the backoff process resumes with the suspended backoff counter value. The timing of DCF channel access is illustrated in Fig. 2 The IEEE 802.11e defines a single coordination function, called the hybrid coordination function (HCF), for the QoS provisioning. The HCF combines functions from the DCF and PCF with some enhanced QoS-specific mechanisms and QoS data frames in order to allow a uniform set of frame exchange sequences to be used for QoS data transfers. The HCF uses a contention-based channel access, called the enhanced DCF (EDCF), which operates concurrently with a controlled channel access based on a poll-and-response protocol. In this paper, only EDCF is enclosed in the scope.
The emerging EDCF is designed to provide differentiated, distributed channel accesses for frames with 8 different priorities (from 0 to 7) by enhancing the legacy DCF. Each frame from the higher layer arrives at the MAC along with a specific priority value. Each QoS data frame also carries its priority value in the MAC frame header. In the context of the 802.1 le, the priority value is called Traffic Category Identification (TCID). An 802.1 l e STA shall implement four access categories (ACs), where an AC is an enhanced variant of the DCF with a single FIFO queue, as shown in Fig. 4 where AIFS[AC] is an integer greater than zero. Fig. 3 shows the timing diagram of the EDCF channel access.
The values of AIFS[AC], CWmin[AC], and CWmax[AC]
, which are referred to as the EDCF parameters, can be determined and announced by the AP via beacon frames, which are transmitted periodically, say every 100 msec typically. The AP can adapt these parameters dynamically depending on network conditions. Basically, the smaller AIFS[AC] and CWmin[AC], the shorter the channel access delay, and hence the more bandwidth share for a given traffic condition. These parameters can be used in order to differentiate the channel access among different priority traffic. Fig. 3 . IEEE 802.1 le EDCF channel access Fig. 4 shows the 802.1 l e MAC with four transmission queues, where each queue behaves as a single enhanced DCF contending entity, i s . , an AC, where each queue has its own AlFS and maintains its own Backoff Counter (BCj. When there is more than one AC finishing the backoff at the same time, the collision is handled in a virtual manner. That is, the highest priority frame among the colliding frames is chosen and transmitted, and the others perform a backoff with increased CW values. The IEEE 802.1D MAC bridge specification allows different MAC layen in the IEEE 802 family to interwork. Note that the 802.11 AP typically implements an 802.ID bridge connecting the 802.11 MAC and 802.3 (or Ethemetj MAC. The 802.ID bridge suppons up to 8 user priorities by implementing multiple FIFO RanSmiSSion queues between two MAC entities. By default, a priority queuing can be used for these multiple queues. That is, a frame can be forwarded to the egress MAC only if there is no frame in the higher priority queues. As shown in Fig. 5 and Fig. 6 , the 802.1Q Virtual LAN (VLAN) tag extends the existing 802.3 frame format, and it specifies the user priority of the frame. Note that the 802.3 MAC itself does not suppon any differentiated channel access to different priority traffic, but via the 802.IQ VLAN tag, the 802.3 MAC frames can cany the corresponding priority value, which in tum can be used by the 802. ID MAC bridge for a prioritized forwarding. Since the 802.1 le EDCF QoS scheme roots in 802.ID, priority parameters of 802.11e and 802.ID are interoperable. The User-Priority shown in Fig. 6 can be used for TCID valued that is defined in TABLE II. it is tmsmirted to the next bridge via egress. 802.lQ [SI has a recommended mapping table between user priorities that are defined in 3 bits of TCI in 802.14, and traffic classes that specify the priority queue in trafic forwarding process in VLAN Bridge.
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V. END-TO-END QoS COORDINATION BASED DIFFSERV
It is typical that a single STA simultaneously services multiple sessions under different applications such as VolP. streaming video, email or FTP. According to the service type, traffic should be differently treated a1 the network node. As depicted in Fig. I , three network interfaces were defined in our study as an end-to-end network. Each network interface has independent QoS coordination functions. However, the DSCP is a single point of traffic control across multiple network interfaces so that the end-to-end QoS can be transparently provided over all networks.
A. Over the Air
In the wireless network, STA performs the packet classification and conditioning in the network layer and forwards the packet to the AI' . As illustrated in Fig. I It should be emphasized that different QoS granularity between DiffServ and 802.11e should be resolved by hierarchical QoS structure using two-level priority queues. This enables the service providers offering multimedia service via WLAN for their subscribers to manage sophisticated QoS over the end-to-end network. Performance verification remains as a future work.
It should he noted that the 802.11e suppons a parameterized QoS paradigm along with the prioritized QoS paradigm considered in this paper [3]. The parameterized QoS characterizes the QoS level with a set of parameters. It will be our future research to study the DiffServ with accordance to the parameterized QoS of the 802.1 le.
